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| NTRODUCTI ON

Bet ween August 1 and August 21, 1982, nmarine geologic
i nvestigations were conducted on part of the inner shelf of the
nort heast Chukchi Sea using the RV Karl uk. Two areas were
investigated during the reconnaissance study, the nearshore
region from Icy Cape to Wainwight and the nearshore region north
of Skull diff to 14 km north of Pt. “Barrow This report
sumarizes the results of the reconnaissance investigations from
Icy Cape (70° 20° N) north to WAinwight (70° 36 N) (figure
1). The purpose of this continuing investigation is to define
the marine processes, identify geologic hazards and characterize
the sea floor for nearshore regions generally shallower than 30 m
depth on the inner shelf of the Chukchi Sea.

Approximately 138 km of side-scanning-sonar records,
subbottom profiles (Uniboom and bottom profiles were collected
during this study (figure 2). Ei ght surficial grab sanples were
collected for sedinment analyses.

The study area is bordered on the east by the gently sloping

coastal plain. The Kuk River enters the Chukchi Sea through

VWai nwight Inlet. The coastal region is bounded by |ow vegetated
cliffs in the northern part of the study area adjacent to

VWai nwright Inlet. The cliffs rapidly decrease in height and form
a sloping surface toward the Chukchi Sea southwest of

Vi nwri ght. A narrow barrier island chain dom nates nost of the
coastal area from approximately 25 km south of Wainwight to

south of Icy Cape, a distance of 87 km (figure 2). Two inlets,

Pi ngorarok Pass and Akoliakatat Pass, cut through the barrier
island into the northern part of Kasegaluk Lagoon. The northern
inlet, Pingorarok Pass, was less than 1 .5 m deep and contai ned
shoals landward of the barrier island which prevented access to
the northern part of Kasegal uk Lagoon by the RV Karl uk.

Akol i akatat Pass to the south is narrow, locally obtains depths
of 6 m and was the only access to the northern part of Kasegal uk
Lagoon. The pass through the barrier island located 3 km south
of Icy Cape contained a sill, less than | m deep, with no
channel ed access from the open ocean to the southern part of
Kasegal uk Lagoon.

The ol dest bedrock wunderlying the offshore region between
Icy Cape and Wainwight consists of Cretaceus sandstones,
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siltstones and nudstones of the Nanushuk Goup (Grantz and

ot hers, 1982). The Cretaceus strata are covered by Quaternary
sediments throughout this region. Locally, nearshore, in areas of
thin sedinment cover bedrock may outcrop. The youngest Hol ocene

deposits are the sedinents within the sand banks off Icy Cape and
within the barrier island chain.

The weather conditions during this part of the study
generally were bad, with persistent winds from the west to
northwest of up to 45 knots. Associated with these w nds were
repeated 2 to 3 day storm periods. The short period surface
waves generated during the stornms were over 2 neters in height.
Track lines 1, 2, and 5 are l|located normal to the western swell

di recti on.

The pack ice was located to the north of Barrow during the
time of this part of the study, no floating ice was observed in
this southern region.

BATHYMETRY

Along the coastal region from Wainwight in the north to Icy
Cape in the south the nearshore shelf gradually increases in
depth seaward obtaining a depth of 20 m 6 km offshore of
Wainwight Inlet and 20 mdepth 15km from shore off AaAkoliakatat
Pass to the south. A series of arcuate sand banks rising up to
depths as shallow as 4 to 6 m from 10 to 22 m depth extends
seaward over 20 km off of Icy Cape and form Blossom Shoals
(figure 3). The sand banks increase in length, contain locally
conplex bathynetry as the distance increases from shore off Icy
Cape.

CURRENTS

Wnd generated currents, coastar cUrrents and the offshore
Al aska Coastal Current domnate the oceanographic reginme wthin

this part of the Chukchi Sea. The wind-generated currents result
from storns noving from the west or southwest toward the east to
nort heast. The |argest waves observed offshore during this study

were over 2 m height with winds varying between 40 to 45 knots.

The northward flowing Alaska Coastal Current doninates the
offshore region to the west (Hufford, 1977). The effects of the
northward flowing current are docunented to the north between
Wai nwight and Peard Bay where northward mgrating sand wave
fields exist 3 km from shore (Phillips and others, 1982). The
effects of the Alaska Coastal Current in the study area is
guestionable as sandwaves, which reflect the bottom current
trend, were only identified in the southern part of the study
area in Blossom Shoal s. The sand wave fields exist on the flanks
of the sand banks off |Icy Cape. Nearshore directly off of lcy
Cape northeast mgrating sand wave fields exist suggesting a
simlar trend for the bottom currents. Further offshore and to
the northeast of Icy Cape, reversing, westward-directed bottom
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currents, as indicated by the sand wave orientation, domnate in
the outer offshore regions (figure 4). The sand bank | ocated
between the northeast flowing currents and the westward flow ng
currents may have forned as a result of the interaction of these
two parallel but reverse currents. The westward flowing currents
in the outer offshore region off Icy Cape may have originated as
a clockwise gyre forned off of the northward flow ng Al aska
Coastal Current; or my represent a counter-current flow ng
parallel to the Alaska Coastal Current or it nmmy represent a
seaward extension of a southwest flowing shore parallel coastal

current between WAinwight and Icy Cape. The currents,
especially off of the capes, appear to be conmplex and are poorly
under st ood. The capes along the chukchi Sea represent regions of

longshore convergence both of currents and sedinment transport
(Short, 1975, 1979).

O her evidence of currents as indicated by bedform
orientations were only observed nearshore between AaAkoliakatat
Pass and Pingorarok Pass where patches of snmall-scale shore
normal oriented bedforms were observed by side-scanning-sonar in
water depths of less than 10 m The bedforms oriented parallel
to the shoreline formed from surface waves noving on shore.

QUATERNARY  SEDI MENTS

A thin veneer of sedinent overlies an irregular truncated
surface of a basal seismc unit observed within the high-
resolution seismc records. The basal seisnmic unit, horizontal
to gentle dipping strata, is assunmed to be of Cretaceus age; the
sediment overlying the bedrock is at l|east of Quaternary age and
probably of Holocene age (figure 5).

The areas containing thin sedinent cover (2 m or less in
thickness) occur in the offshore areas from VWainwight to
northwest of Akoliakatat Pass. Regi ons containing increasing
sedi ment thickness include; 1 ) the nearshore coastal zone
adj acent to the barrier islands, 2) in Blossom Shoals where the
| argest and thickest sand bank contains over 15 m of Hol ocene(?)
sedinent, 3) toward the northwest in the outer-nobst parts of the
of fshore areas investigated and 4) locally within a paleochannel
of the Kuk River located off of Winwight Inlet where a nmaxinmm
channel -fill thickness of 23 m is identified (figure 6).

The regions of thin sedinent cover (offshore between
Wai nwright and Akoliakatat Pass) are probably areas of low
sedinment input and erosion (wave-generated currents in
conbination with long shore currents renove sedinent) . The nmmj or
depocenter occurs off of Icy Cape (a region of probably
converging currents) where the transported sedinment is deposited.

The Kuk River paleochannel was initially identified
nearshore by Hunter and others (1982), the seaward extension of
the paleochannel system was identified during this study (figure
7). The paleochannel is at least 600 m wide, contains a multi-
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Figure 5. Hgh-resolution seismc profile east of Icy Cape (see figure 6, letter A for
| ocation of profile). The Quaternary sediment cover is thin, less than 2 to 3 m thick,
for nuch of the region northeast of Icy Cape north to VWainwight. The underlying gentle
di pping strata is assumed to be of Cretaceus age.
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storied fill history (figure 7) and may also contain gas wthin
the channel fill sedinent (figure 8). The tentative
identification of gas wthin the channel-fill is suggested by the
“wi pe-out” of the acoustic seisnic signal (figure 8) and by
apparent near-bottom water columm anonilies identified on high
resolution profiles located in the sane area as figure 8. The
gas could be biogenetic in origin but nost likely was derived
from the underlying Cretaceus strata which contains abundant
organic plant remains and coal.

SURFICIAL SEDI MENTS

The surficial sedinments within this coastal area , based on
sanples and side-scanning-sonar surveys, show that the sediment
conposition varies from gravelly sand nearshore (possible gravel
patches also) to silty sand (sanmple nunber 2, figure 9) in the

furthest offshore sanple. Sand size sedinent doninates the
texture in the area studied. The sedinment distribution reflects
the dom nance of active erosional and depositional processes on
the nearshore zone of this shallow shelf. Bedrock of probable
Cretaceus age mmy outcrop on the sea floor as well as possible
consol idated Quaternary or Holocene deposits. Possi bl e

Quaternary outcrops are identified directly east of 1Icy Cape at
water depths of 12 m At this depth distinctive circular-shaped
depressions, varying from 12 to 20 m in dianeter, are observed on
si de- scanni ng- sonar records (figure 10). A raised border
surrounds the depressions. The maximum relief from the base of
the depression to the area of highest relief is 0.5 m
Approximately 2 m of Quaternary sedinent overlie Cretaceus
bedrock at this locality. The scattered sea floor depressions
may represent initial ice-formed polygons which are now being
exposed and eroded by nodern sea bed processes or they nmay
represent gas cratering of the sea floor sedinents.

Gravel -coarse sedi nent The regions containing coarse
sediment are identified in areas containing thin Quaternary
sedi nent cover and also in areas toward the barrier island from
west of Akoliakatat Pass northeast to wainwright. Three surface
grab sanples contained abundant gravel associated wth sand,
sanmples nunber 3 (6.7 m depth), 5 (14.0 m depth), and 8 (10.8m
depth) . The highest gravel content occurred in the nearshore
sanmpl e nunber 3. The gravel varies from angular to well-rounded
clasts, the maxi mum clast size was 4.0 cm A few iron-stained
shell fragnments were found with the gravels. Barnacles were the
nost abundant remains of the biogenetic conponent.

Monographs define a distinctive sea bed pattern indicative
of coarse-grained sedinment (coarse sand or gravel) on the sea
fl oor. Light and dark patches (light=sand, dark=coarse sand or
gravel) or a nottled pattern wusually indicates areas of sedinent
grain size segregation. Irregular dark patches identified east
of lcy Cape at depths of 7.5 m occuppy areas of low relief wth
the lighter colored areas 30 to 80 cm higher (figure 11 ) . Sampl e
nunber 3 was collected in these dark-light colored areas and
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The channel cuts into gentle di ppi ng Creaceous strata. The maxinum channel-fill here is
17 m Both lateral (channel bank) and vertical accretion of the channel is recorded in the
upper part of the channel-fill. Only 2 to 3 mof marine sedinent overlies the channel-fill

(see figure 6, letter B, for profile |ocation).



Figure 8. Seismic profile of part of the paleochannel of t he Kuk Ri ver west ~of
Wainwright, Chukchi Sea. The acoustic seismic signal is conpletely “wpe-out” suggesting
that gas may occur in the channel-fill sedinments (see figure 6, letter €, for profile

| ocation).
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Figure 10. Possi ble outcrops of Quaternary sedinment at 12 m

depth east of Icy Cape. A series of circular to irregular-shaped
depressions are exposed on the sea floor. The depressions vary
from 12 to 20 m in dianeter and contain a raised border. The

maxi mum relief from the floor of the depression to the raised

border is 0.5 m (see figure 9, letter A, for location of the
sonagraph) .
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Figure 11. So nograph containing light (sand) and dark (gravel)
patches on the sea floor at a depth of 7.5 m east of Icy Cape.
The dark areas occuppy areas of Jlower relief than the [light
ar eas. Sanpl e nunber 3 , collected from these |ight-dark patches,
contai ned abundant gravel wth sand suggesting that the dark
areas contain gravel or coarse sand and the |light areas consist
of sand (see figure 9, letter B, for so nograph |ocation)
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confirmed the presence of abundant gravel on the sea bed. This
strongly suggests that the dark areas identified on the
nmonogr aphs represent coarse-grained |lag deposits produced. by the
wi nnowi ng of finer-grained sedinent. Mttled or dark patches on
the sea bed are common within the area from west of Akoliakatat
Pass to Wwainwright.- Mdttled sedinment patterns on the sea floor
also indicates gravel associated with sand (figure 12a) . At
depths generally greater than 14 m the sea bed contains |arger
regions of dark nottled patches (figure 12b).Relief ranges from
40 cmup to 1 m with the darker patches usually located in the

| ower areas of relief. The association of the dark nmottled or
patchy sea bed with regions of thin sedinent cover indicate that
coarse sand and gravel probably exists on the sea floor. The

coarse-grained deposits are produced by erosion of the sea bed
leaving a coarse-grained |ag deposit.

Nearshore, at depths of 11 to 13 m, between Wainwright and
Pingorarok Pass, the sea bed contains a nottled texture as
i ndicated by the sonagraph (figure 1 3) . The side-scanning sonar
fish, when pulled from the water, after passing over this nottled
sea bed was conpletely covered with kelp fronds over 2min
length and 20 to 30 cm in width. This suggests, as was found to
the north off of Skull diff (Phillips and others, 1982), that
extensive kelp fields may exist in the shallow nearshore zone
where coarse sedinment or bedrock outcrop on the sea floor. The
kelp are attached by their holdfasts to gravel. The extent or
depths to which the kelp fields occur between Winwight and Icy
Cape are unknown, but could be expected where the sedinent
contains gravel-size sedinment generally in areas where the
sedinment cover is less than 1 m thick in the nearshore zone

(figure 6).

Sand Sand size sedinment is probably the nopst abundant

texture within the study area. Sand has accunulated into large
banks with local.relief up to 16 m off of Icy Cape in Blossom
Shoal s. Abundant sand wave fields docunent the active currents

in this region. Wthin the troughs of the sand banks coarse sand
or gravel may accumulate by the lateral mgration of the sand

banks. Silty sand was identified in only one sanple (sanmple
nunber 2) taken at 27 m depth west of Wainwight (figure 9) but
could be expected to occur at shallower depths. An overall sea-

ward fining texture probably exists along this coastal area.
PROCESSES

The sea floor from Icy Cape to Wainwight is dom nated by
two physical processes, active currents and ice gouging that
nmodi fy and change the character of the sea floor. The nmjor
effects of the processes are sonewhat depth dependent and include
both sand wave migration and ice gouging.

Sand waves Mgrating bedforms, ripples and sand waves, are
only identified at a few localities in the nearshore zone in
depths less than 10 m along the coast and off Icy Cape wthin
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Fi gure 12, A) sonograph of nottled sea floor at 14.5 m depth
west of Pingorarok Pass (see figure 9, letter C, for sonograph

| ocation) . The nottled texture indicates that coarse sedinent ,
sand or gravel, exists on the sea bed. B) sSonograph of dark
patches on sea floor at a depth of 16 m (see figure 9, letter D

for sonograph |ocation). Relief on the sea floor can be up to 1

m The dark areas represent coarse sedinment or possibly bedrock
out cr ops.
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Fi gure 13. So nograph oObtained nears here at 11 m depth (see
figure 9, letter E, for sonograph |ocation) The nottled sea bed
indicates gravel and sand. When the side-scanning sonar was

was conmpletely covered wth

pul led landward of this locality it
kelp fronds suggesting that kelp communities exist nearshore

where a substrate (gravel) is exposed on which the kelp attaches”
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Bl ossom Shoal s. The smallest bedforms are identified wthin
sand-gravel patches nearshore. The ripples appear symetric are
oriented normal to shore, and have formed from wave action.

These shore normal bedform fields have been previously identified
nearshore (Hunter and others, 1982) and can be expected in the
nearshore zone along this coast.

The large sand waves, occurring as distinct bedform fields,
are |located within Blossom Shoals and have resulted in the
building of the large arcuate sand banks. The nearshore
northeast mgrating bedform field directly off of Icy Cape
(figure 4) is conposed of sinuous- to straight-crested sand waves
with wave lengths of 15 to 20 m and nmaxi mum bedform height to 2 m
at 7.5 m depth (figure 14). The reversing western-directed
bedform fields identified further offshore, are also conposed of
straight- to sinuous-crested sand waves wth wave |engths varying
from25 to 30 m and heights ranging from 20 croup to 70 cmat 18
m depth (figures 15, 16). Below 20 m depth the sand waves
rapidly dimnish in height in the troughs of the sand banks
suggesting only snmall-scale bedforms (ripples) or gravel |I|ag
deposits lie wthin the troughs. The sand waves generally
increase in height from the top of the sand bank down the flanks
of the ridges and then dimnish in height in the troughs between

the sand banks (figure 15) . The sand waves are also observed
mgrating up and over the sand banks in essentially the same
orientation and mgration trend (to the west) , (figure 5).

Internally within the outer sand banks, based on high-resolution
seismc profiles, gentle seaward inclined strata docunment an

of fshore (northern-directed ) accretion and mgration of the sand
banks investigated (figure 17). Current erosion on the |andward
flank of the sand banks, sedinent transported over the ridge by
mgrating bedforms and sedinent deposition on the seaward flank
of the ridges results in the building and mgration of the outer
sand shoals to the north.

Ice gouging Myvenent of ice by wind, currents and pack ice
pressure results in ice grounding on the sea floor which
di srupts the surficial sedinments formng ice gouges. I ce gouging
of the sea floor sedinents between wWainwright and lcy Cape
generally is limted or sparce with l|ocal bathynetric controlled
concentrations of gouges (figure 18). Near shore, at depths |ess
than 10 to 11 m ice gouges were not observed. Active marine
currents, both longshore currents and currents generated by
shoaling waves, rapidly fill in and elimnate traces of ice
gougi ng nearshore. From 10 m depth seaward to approximtely 16
depth, from wainwright to Pingorarok Pass, extending seaward to
18.5 m depth south of Pingorarok Pass, there are less than 2 ice

gouges per kiloneter of track |Iine. The gouges are generally
small, narrow, oriented normal or at an angle to the shore or nmay
contain termnations where the ice stopped (figure 19). Most  of

these nearshore gouges are shallow rarely cutting nmore than 30 cm
into the sea floor.

Between depths of 16 to 18 m out to 22.8 m the maxinmum ice
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Figure 14. Nort heast migrating sand wave field directly off

cape (see figure 9, 1letter F, for location of
sand waves are up

straight- to sinuous-crested
at 7.5 m depth. The arrows
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Fi gure 1s5. A) sonograph of straight- to sinuous-crested sand
waves at 16.5 to 18.5 m depth north of Icy Cape in Blossom
Shoal s, <¢chukchi Sea (see figure 9, letter G for location of

sonograph) . The sand waves are mgrating to the west. The
arrows indicate the mgration direction of the bedforms. B)

Bottom profile of area in figure A The crest of the sand bank
is to the left. The sand waves increase in height wth

increasing depth down the flank of the sand bank.
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Figure 16. Sonograph of straight— t0 sinuous-

nor t hwest of
of nonograph) .
cate the mgr

. i Dot :

I cy Cape, Chukchi Sea (see figure 9, letter H,

crested waves a

- B

for

18 m depth
| ocati on

The sand waves are mgrating to the west. The arrows indi-

ation direction of the bedforms.
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gouge intensity (the stanmukhi zone) is identified (figure 18).
The gouge density increases to between 6 and 9 gouges per
kilonmeter of trackline within the stanukhi zone (figure 20).

Most gouges are oriented parallel to the shore line, locally
gouge termnations can also be abundant. The maxi nrum gouge depth
was 50 cm nost gouges were between 20-30 cm deep. I ce gouges

are also concentrated on the upper surface of |ocal bathynetric
highs or irregularities which my rise up to 1.5 m above the sea
bed. The ice grounding nay have fornmed these |ocal areas of

raised relief. Seaward of the stanukhi zone the ice gouge
density rapidily decreases to less than 2 gouges per Kkiloneter of
track |Iine. The outer gouges generally parallel the isobaths and

are shallow less than 30 cm deep.

The deepest ice gouge observed during this study was 2.5 m
deep located at 19 m depth on the seaward flank of the outer sand
bank investigated off Icy Cape. Ice gouges on Blossom Shoals are
generally restricted to the crests of the sand banks profiled
(depths of 6 to 14 m for sand bank crests), (figure 21), Sand
wave migration probably filled in the ice gouges on the flanks of
t he banks.

The ice gouge intensity on the sea floor defines the
surficial ice regine. Floating fast ice would domnate the
nearshore zone to depths of approxinmately 16 m The stanukhi zone
defines the zone of grounding of the pack ice pressure ridges on
the sea floor (figure 18). To the south toward Blossom Shoal the
ice reginme effects on the sea floor is poorly defined. The outer
sand banks would tend to filter out the deeper draft ice flows,

i kewise, the conplex reversing current pattern defined by the
sand wave fields nmay result in conplex pressure ridge ice
grounding in the shallow regions adjacent to the cape. Movement
of the sand waves, likewise, fills in the ice gouges in this
regi on.

CONCLUSI ON

1. The offshore coastal region between Winwight and Icy
Cape contains a thin Quaternary sedinment cover overlying
Cretaceus strata.

2. Much of the surficial sedinent wll be coarse-grained
sand and gravel lags, especially in regions of thin Quaternary
sedi nent cover.

3. Locally in the nearshore region between Winwight and
Pingorarok Pass kelp beds exist. The extent of these biological-
rich areas is unknown.

4. The paleochannel of the Kuk River can be traced out onto
the present shelf. The channel-fill sedinments can locally obtain
a thickness of 23m and may also contain gas.

5. A reversing but poorly defined current pattern exists
off lcy Cape in Blossom Shoals. Nort heast-directed currents
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Fi gure 19. Sonograph of ice gouge termnation (at left) at 13 m depth
east of lcy Cape (see figure 18, letter A for location of sonograph)
The ice gouges lie at an angle or parallel to the isobaths.
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Figure 20. A) Sonograph of repeated ice gouges on the landward flank of the
Stamukhi zone at 16.5 m depth (see figure 18, letter B, for location of
monograph). B) Stamukhi zone, 18 m depth with ice gouge terminations (see
figure 18, letterc, for location of nonograph).
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Figure 2t. sSonograph of ice gouges on the crest of a sand bank
at 14 m depth off Icy Cape (see figure 18, letter D, for |ocation
of sonograph) . The arrows indicate the mgration direction of
the sand waves.
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nearshore and western-directed currents offshore are indicated by
orientation of sand wave fields.

6. Bl ossom Shoals represent a region of sedinent
deposition, formng parallel arcuate sand banks.

7. The sand banks as indicated from seismc profiles, are
mgrating in a seaward direction.

8. The nmaximum ice gouge intensity, the stamukhi zone,
occurs between depths of 16 to 22.8 m parallel to the coast.
Most of the gouges are oriented parallel to shore.
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